To explore the usefulness of 320-slice CT angiography (CTA) for evaluating the course of the anterior ethmoidal artery (AEA) and its relationship with adjacent structures by using three-dimensional (3D) spin digital subtraction angiography (DSA) as standard reference. Materials and Methods: From December 2008 to December 2010, 32 patients with cerebrovascular disease, who underwent both cranial 3D spin DSA and 320-slice CTA within a 30 day period from each other, were retrospectively reviewed. AEA course in ethmoid was analyzed in DSA and CTA. In addition, adjacent bony landmarks (bony notch in medial orbital wall, anterior ethmoidal canal, and anterior ethmoidal sulcus) were evaluated with CTA using the MPR technique oriented along the axial, coronal and oblique coronal planes in all patients. The dose length product (DLP) for CTA and the dose-area product (DAP) for 3D spin DSA were recorded. Effective dose (ED) was calculated. Results: The entire course of the AEA was seen in all 32 cases (100%) with 3D spine DSA and in 29 of 32 cases (90.1%) with 320-slice CTA, with no significant difference (p = 0.24). In three cases where AEA was not visualized on 320-slice CTA, two were due to the dominant posterior ethmoidal artery, while the remaining case was due to diminutive AEA. On MPR images of 320-slice CT, a bony notch in the orbital medial walls was detected in all cases (100%, 64 of 64); anterior ethmoidal canal was seen in 28 of 64 cases (43.8%), and the anterior ethmoidal sulcus was seen in 63 of 64 cases (98.4%). The mean effective dose in CTA was 0.6 ± 0.25 mSv, which was significantly lower than for 3D spin DSA (1.3 ± 0.01 mSv) (p < 0.001). Conclusion: 320-slice CTA has a similar detection rate for AEA to that of 3D spin DSA; however, it is noninvasive, and may be preferentially used for the evaluation of AEA and its adjacent bony variations and pathologic changes in preoperative patients with paranasal sinus diseases.
INTRODUCTION
The anterior ethmoid artery (AEA) running through the roof of anterior ethmoid sinuses as it traverses from the orbit to the anterior cranial fossa, is a major anatomical landmark that is vulnerable to accidental injury during surgery on the anterior ethmoidal sinus. Its injury may result in profuse epistaxis, intraorbital bleeding and retro-orbital hematoma that can lead to blindness (if not decompressed within approximately an hour), and cerebrospinal fluid leak or in rare cases, intracranial bleeding (1) .
Due to the wide variation in the localization, course, and length of the AEA, it is important to have an accurate preoperative evaluation of AEA. Three-dimensional (3D) spin digital subtraction angiography (DSA) is a 3D acquisition mode which can provide a superior spatial and temporal resolution for AEA assessment, and considered the gold standard. However, this technique is an invasive procedure that requires the placement of a catheter in the carotid artery through the femoral artery. Contrast dye is then injected directly into the carotid artery, and X-rays are taken to record the course of AEA. This invasive nature and potential risks for microembolic events in patients with cerebral vascular disease limits its widespread use (2, 3) . Therefore it would be desirable to replace DSA with noninvasive studies.
With the development of computed tomography (CT) scanning techniques, the comprehensive, noninvasive assessment of the anatomy and possible lesions in cranial vascular structures using computed tomographic angiography (CTA) has become possible (4). Many studies worldwide have provided some guidelines to improve the identification and localization of the artery during surgery (5-9). However, a major limitation of the CT exam for AEA was only demonstrated on adjacent bony landmarks, and was clinically difficult to locate the artery purely based on these data; particularly due to the anatomical variations and pathological status of the paranasal sinus.
The volume CT technique introduced in the novel 320-slice CT scanner enables noninvasive angiographic imaging of the entire cranial vasculature in a single rotation, which could maintain satisfactory spatial resolution with a desired temporal resolution (10, 11) .
To explore the usage of the 320-slice CT scanner for evaluation of AEA course and its relationship with adjacent structures, we utilized CTA combined with multiplanar reformations (MPR) and maximum intensity projection (MIP) methods in 32 patients with cerebral vascular and tumor disease. The obtained images were compared with MIP images acquired from the 3D spin DSA technique in the same patient, with the latter as the standard of reference.
MATERIALS AND METHODS

Patients
From December 2008 and March 2010, a total of 32 patients in our hospital had both CT and DSA within 30 day intervals. Prior informed consent was obtained from all patients. Information from patient medical records and radiographic studies were retrospectively reviewed with the approval of our Institutional Review Board. These patients were affected by intracranial aneurysms (30 cases), and meningioma (2 cases). The subjects comprised 25 males and 7 females ranging in age from 25 to 75 years old (means 47.2 years). All patients had no history of surgery or trauma in paranasal sinuses or the skull base, congenital anomalies of the face, paranasal sinuse malignancies, and ostefibrous lesion.
Image Acquisition
All CT examinations were performed using the Aquilion ONE multidetector row CT scanner (Toshiba, Medical Systems, Tokyo, Japan) equipped with 320 x 0.5 mm detector rows allowing for a 160 mm scan width during a single rotation.
The CTA data acquisition was performed according to an established protocol of the volume mode. For all examinations, an additional unenhanced volume CT (parameters were the same as that of CTA images) was routinely performed to identify bony structures that were subsequently masked on CTA images. Vessel enhancement was then achieved by intravenously injecting 60-mL contrast material (Ultavist 370; Bayer Schering Pharma, Berlin, Germany), followed by a 40-mL saline flush through an 18-gauge catheter. Flow rate was kept constant at 5 mL/sec throughout the procedure. CT scanning was started manually at the arterial phase, as soon as the operator identified the arrival of the injected contrast medium at the basilar artery trunk by using a bolus tracking technique (SureStart Protocol, Toshiba Medical Systems, Tokyo, Japan).
Raw data were reconstructed on the console or by using dedicated workstation software (Vitrea fX version 1.0; Vital images, Inc., Minnetonka, MN, USA). The vascular information or other anatomical structures could be visualized using the CTA software (including subtraction and volumes for mask in which bony structure can be removed automatically). AEA and adjacent bony landmarks were Anterior Ethmoidal Artery on 320-Slice CT Angiography versus DSA evaluated by means of MIP, volume rendering, and MPR technique oriented along the axial, coronal planes and with oblique coronal reconstruction in all patients, respectively.
Invasive selective internal carotid angiography was performed using a transfemoral approach with a C-arm digitalized X-ray system (Innova 4100, GE, Waukesha, WI, USA). The angiography images were acquired with a FOV extended to the ethmoidal region. MIP images with Innova CT reformation software (GE, Waukesha, WI, USA) were generated during an ordinary angiography procedure. MIP images data from a spin angiography (automatic adaptation of kV, mA and time of exposure, FOV 20 cm) which run at a C-arm angle of 240° were reconstructed on the Advantage workstation (Innova 3D XR 1.0 GE, Waukesha, WI, USA) in approximately 7 seconds.
Image Analysis/Interpretation
The AEA evaluation was performed unilaterally and bilaterally by DSA and CTA, respectively. AEA course in ethmoid was analyzed by DSA and CTA. In addition, adjacent bony landmarks (bony notch in the medial orbital wall, anterior ethmoidal canal and anterior ethmoidal sulcus) were evaluated in CTA by means of the MPR technique oriented along the axial, coronal and oblique coronal planes in all patients. All observations were performed independently by two readers and the results were evaluated by consensus.
Radiation Exposure
The dose length product (DLP) for CTA (including the unenhanced CT and CTA scans) and the dose-area product (DAP) for 3D spin DSA were recorded. Effective dose (ED) was calculated by using the International Commission on Radiological Protection's conversion factor for cranial CT (0.0021) (12) .
Statistical Methods
Statistical analyses were performed with SPSS version 16 for Windows (SPSS Inc., Chicago, IL, USA). A p value of less than 0.05 was set as the threshold for statistical significance. The detection rate of AEA on the same side with CTA and DSA were compared using Fisher's exact test. Identification rate of the bony notch in the medial wall of the orbit, the anterior ethmoidal canal, and the anterior ethmoidal sulcus were recorded in CTA by means of MPR. a paired t test was performed to evaluate the radiation exposure between CTA and 3D spin DSA. The interobserver agreement was calculated using kappa statistics. Kappa 
RESULTS
The entire AEA course in the ethmoid was seen in all cases (100%, 32/32) on images of 3D spin DSA, among which 29 of 32 cases (90.1%) on the corresponding side with 3D spin DSA were found in CTA. There was no significant difference (p = 0.24) in the detection of AEA between images of 3D spin DSA and CTA. In 3 cases which AEA was not shown by means of CTA, dominant posterior ethmoidal artery was seen in 2 cases with diminutive AEA, while simple diminutive AEA was seen in the rest. In the displayed unilateral AEA, its entire course was characterized on the axial plane in the form of a curve with concavity in images of 3D spin DSA and CTA (Figs. 1-4) . Bilateral AEAs and the adjacent anatomical structures could be assessed on images of CTA based on the use of the VR (Fig. 5 ), MIP and MPR techniques. However, only unilateral AEA could be visualized on images of 3D spin DSA. The entire AEA course in the ethmoid was seen in the bilateral position in 59 of 64 cases (92.2%) on CTA images. Results of AEA with two methods were exactly the same between the two readers. The interobserver agreement was excellent (k = 0.833).
In assessing the anatomical landmarks for locating AEA by means of MPR in axial and coronal CT images, the bilateral bony notch in the orbital medial wall was detected in all 64 cases (100%) (Fig. 6) , whereas the bilateral anterior ethmoidal canal was seen in 28 of 64 cases (43.75%) (Fig.  7) , and the bilateral anterior ethmoidal sulcus was seen in 63 of 64 cases (98.44%) (Fig. 8) . The interobserver agreement was calculated as k = 0.782, which corresponds to good agreement.
The dose-length product (DLP) for CTA was 265.63 ± 11.30 mGy·cm, and the DAP was 620.46 ± 5.72 mGy·cm 2 ) for DSA. The ED was 0.56 ± 0.25 and 1.32 ± 0.01 mSv for CTA and DSA, respectively (Table 1) . A significant difference in ED was found between CTA and 3D spin DSA (p < 0.001).
DISCUSSION
The AEA is an important anatomical landmark in the surgical approach to the frontal recess and anterior skull base (14, 15) . Overall, the AEA crosses three cavities: the orbital, the ethmoidal labyrinth, and the anterior cranial fossa. It arises from the distal ophthalmic artery in the orbital cavity, extends medially, and crosses the anterior ethmoidal foramen (the bony notch on the medial wall of the orbits) into the anterior ethmoid. In its ethmoidal route, the AEA lies inside the anterior ethmoidal canal or ethmoidal lamella. The AEA runs through the ethmoidal ceiling posterior-inferiorly in a diagonal direction, and then through the anterior ethmoidal sulcus it penetrates into the skull lining between the cribiform plate and the olfactory cleft lateral lamella (16) .
In the ethmoid area, AEA is at high risk for incidental injury during surgery due to its deep location, variable position relative to the ethmoidal roof, and complicated connections with adjacent structures. Damage to the artery may cause serious complications, such as intense intraorbital bleeding or orbital hematoma that may cause blindness within 1 hour without effective treatment, cerebrospinal fluid leak, and even meningitis and cerebral infections. Thus, it is extremely important for the preoperative evaluation of AEA (1) .
Though DSA is regarded as the "gold standard", with its superior imaging quality for the evaluation of AEAs, its invasive nature limits its clinical application, especially in patients with benign rhinosinus. Here, we applied 3D DSA as the standard to validate data from a 320-slice CTA.
Indirect identification of AEA through anatomical bony landmarks has been widely applied at the clinical level. To this point, the CT technique is advantageous compared to DSA. For all 32 patients, the bilateral medial notch of the orbit were shown in all 64 cases (100%), while the anterior ethmoidal sulcus was shown in 63 of 64 cases 98.44%, and the anterior ethmoidal canals were shown in 28 of 64 cases (43.75%), respectively on MPR images, which was in keeping with published data from other groups. Souza et al. (6) retrospectively reviewed 198 coronal paranasal sinus Note.-DLP = dose length product, DAP = dose-area product, ED = effective dose, CTA = computed tomography angiography, DSA = digital subtraction angiography underwent paranasal sinus surgery have paranasal sinus diseases. AEA is usually encircled by pathologic tissue with effacement of bony lamella, in most cases with inflammatory disease and polyposis. Assumedly the bone would be easier to differentiate from AEA during the pathological status, it could be expected that AEA in the ethmoidal should be detected at a much higher rate than that in non-pathologic conditions. All the CTA were obtained using a cranial scan protocol rather than the specific protocol for AEA, which resulted in a larger scan scope. The mean ED including unenhanced CT and CTA in the 320-slice CT studies was 0.56 ± 0.25 mSv, which was significantly lower than that of the 3D spin DSA (1.32 ± 0.01 mSv). When the dedicated AEA scan with a rather narrow scan scope is defined by the anatomical structures on which it was performed, ED should be further reduced. In addition, CTA may demonstrate bilateral AEA and its adjacent boney landmarks. In this group, the entire AEA course in the ethmoid bilaterally was seen in 59 cases (92.2%, 59 of 64 cases) by CTA.
The limitations of the present study are as follows: first, the AEA detection of CTA is known to be influenced by paranasal sinus diseases. However, enrolled patients have normal paranasal sinuses, which may result in an inaccurate evaluation of the AEA. Second, specific scan protocol for AEA was not applied in the study, which should remarkably decrease the radiation dose.
In conclusion, to ensure the safety and efficiency of paranasal sinus surgery, it is essential for preoperative evaluation of the course of AEA. Our results showed that CTA using the 320-slice CT scanner was a 3D-DSA comparison, while the noninvasive imaging modality for visualization of AEA course in lower radiation dose, is the inherent advantage of directly identifying AEA and visualization of adjacent bony anatomical landmarks. Lastly, CTA may work better in the evaluation of AEA in patients with bony variations of paranasal sinuses, and/or other paranasal sinus diseases with ethmoidal bony construction effaced by pathologic tissues, assuming the bone would be easier to differentiate from AEA during pathological status.
CT exams with 3 mm contiguous slices, and found that the medial notch of the orbit, anterior ethmoidal sulcus, and anterior ethmoidal canal were seen in all 198 cases, 194 of 198 cases (98%), and 81 of 198 cases (41%), respectively. Başak et al. (7) identified the anterior ethmoidal canal in 43% of cases that underwent a coronal plane CT. Pandolfo et al. (8) analyzed AEAs in 20 patients with cerebrovascular disease, and another 78 patients with inflammatory disease and polyposis by a 16-slice multislice CT scanner with a 0.7 mm thickness. They also reported the indirect detection of AEA through the visualization of the entry point of the vessel in the ethmoid or the medial notch of the orbit, in all cases n = 20 (100%) on MPR images.
Though the essential relations between AEA and orbit, anterior cranial fossa, and sphenoid, were always analyzed in most published papers, the course of AEA was not reported. Furthermore, there has been no well-analyzed AEA data from cases using the CTA technique. The recently developed novel 320-slice CT scanner can cover 16 cm in the z-axis, which enables coverage of the entire head in a single rotation. Different from the helical scan mode in previous multi-slice CT (8 or 16 or 64), volume scan mode was adopted in the 320-slice CT. The disadvantage of the step artifact when using a helical scan could be avoided without the movement of patients and the bed during examination. Moreover, the cranial vasculature including AEA could be clearly visualized because the adjacent bony structures were more thoroughly removed more.
Aquilion ONE 320-slice CT scanner has been applied ever since December 2008 in our hospital. In this retrospective review, we analyzed patients who underwent both cranial CTA and DSA within 1 month intervals for the two techniques in our hospital. A total of 32 patients were included in this study. Though CTA capable of visualizing bilateral AEAs, comparisons were performed on the unilateral AEAs corresponding to the DSA, which served as standard references. There was no significant difference (p = 0.24) in the identification of the AEA course between DSA (100%, 32 of 32 cases) and CTA (90.6%, 29 of 32 cases). In 3 cases where AEA was not shown by means of CTA, the dominant posterior ethmoidal artery was seen in 2 cases with diminutive AEAs, while simple diminutive AEA was seen in the remaining cases. The reason for this is that the density of contrast-enhanced is so high, that AEA could not be distinguished from the adjacent bone. In this retrospective study, all patients had a normal paranasal sinus condition, while the majority of the patients who
